TITLE OF THE INVENTION 

FLYING TYPE THIN- FILM MAGNETIC HEAD 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a flying type thin- 
film magnetic head with an inductive write head element. 

Description of the Related Art 

Such flying type thin-film magnetic head is in general 
formed on a magnetic head slider flying above a magnetic disk 
surface in operation. When a write current flows through a 
coil of the inductive write head element. Joule heat will be 
produced and thus an over coat layer or a protection layer for 
covering the write head element will thermally expand to 
protrude a part of the magnetic head slider. Therefore, in a 
recent magnetic head slider with a very low flying height, its 
rear edge or trailing edge that will have the largest 
protruded amount may come into contact with and crash onto the 
surface of the rotating magnetic disk. 

In order to prevent such head crash from occurring, the 
following count ermeasures have been proposed: 

(1) reduction of heat generation by lowering an electrical 
resistance of coil in the inductive write head element; 

(2) improvement of heat radiation by thinning of an 
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undercoat layer on the substrate; 

(3) dissipation of heat by forming a metal pattern on the 
protection film (Japanese Patent Publication 05-266428-A2) ; 

(4) forming of recess at the trailing edge of the magnetic 
head slider (Japanese Patent Publication 07-307070-A2) ; and 

(5) forming a recess portion on an air bearing surface 
(ABS) of the protection layer of the magnetic head slider 
(Japanese Patent Publication 04-366408-A2) . 

However, any of the proposed countermeasures cannot 
sufficiently reduce the protruded amount to satisfy an 
extremely lower flying height that will be required in future 
and thus further improvement is required. 

BRIEF SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide a flying type thin-film magnetic head applicable to 
lower flying height requirement by resolving the head crash 
problems due to thermal expansion. 

According to the present invention, a flying type thln- 
f ilm magnetic head includes a write head element with a coil 
conductor and a yoke, a write current flowing through the coil 
conductor, an overcoat layer laminated on the write head 
element, and a heat -block layer formed in the overcoat layer 
and made of a material with a heat conductivity that is lower 
than a heat conductivity of the overcoat layer. 
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In the overcoat layer, the heat -block layer made of a 
material with a lower heat conductivity lower than that of the 
overcoat layer is formed or embedded. Thus, heat transmission 
is well blocked by this heat -block layer and thus the thermal 
expansion of the overcoat layer near its trailing edge is 
prevented to reduce the amount of protrusion of the trailing 
edge. 

It is preferred that the heat -block layer is formed to 
cover a region with an area larger than that of a region on 
which the coil conductor is formed. 

It is also preferred that the heat -block layer is 
formed to cover over the coil conductor. 

It is preferred that the heat -block layer is formed in 
parallel with a plane on which the coil conductor is formed. 

Preferably, a distance between the heat -block layer and 
an air bearing surface (ABS) is less than 15 \wi, and more 
preferably less than 7.5 pm. 

It is preferred that the thin-film magnetic head 
further includes a heater coil conductor formed below the 
heat -block layer for generating heat when the head is in 
operation. This heater coil conductor serves to heat the 
write head element when the element is in operation so that a 
part of the write head element intentionally protrudes from 
the ABS in order to reduce the flying height. In such thin- 
film magnetic head, heat transmission is well blocked by this 
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heat-block layer and thus the thermal expansion of the 
overcoat layer near the trailing edge is prevented to reduce 
the amount of protrusion of the trailing edge. 

It is also preferred that the heat -block layer is made 
of a resist material. 

It is further preferred that the thin-film magnetic 
head includes a read head element. 

Further objects and advantages of the present invention 
will be apparent from the following description of the 
preferred embodiments of the invention as illustrated in the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 

Fig. 1 is a sectional view schematically illustrating 
configuration of a thin-film magnetic head as a preferred 
embodiment according to the present invention; 

Fig. 2 is an oblique sectional view of the thin-film 
magnetic head shown in Fig. 1; 

Fig. 3 illustrates protrusion of the ABS of a magnetic 
head slider due to its thermal expansion; 

Fig. 4 is a graph illustrating the simulation result of 
a protruded amount from the ABS due to thermal expansion at 
each position of the ABS; 

Fig. 5 is a graph illustrating the simulation result of 
a protruded amount from the ABS due to thermal expansion at 
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each position of the ABS when a distance between a top end of 
a heat -block layer and the ABS is changed; 

Fig. 6 is a graph illustrating the simulation result of 
a protruded amount from the ABS due to thermal expansion at 
each position of the ABS when a distance between the heat- 
block layer and an upper pole layer is changed; 

Fig. 7 is a sectional view schematically illustrating 
configuration of a thin-film magnetic head as another 
embodiment according to the present invention; and 

Fig. 8 is a graph illustrating the simulation result of 
a protruded amount from the ABS due to thermal expansion at 
each position of the ABS. 

DETAILED DESCRIPTION OF THE INVENTION 

Fig. 1 schematically illustrates configuration of a 
thin -film magnetic head as a preferred embodiment according to 
the present invention, and Fig. 2 shows an oblique sectional 
view thereof. The thin- film magnetic head in this embodiment 
is a composite type thin-film magnetic head with an inductive 
write head element and a magnetoresistive effect (MR) read 
head element laminated with each other. However, the thin- 
film magnetic head in this embodiment may contain only an 
inductive write head element. 

In these figures, reference numeral 10 denotes a 
substrate made of Al-TiC (Al 2 0 3 -TiC), 11 denotes an undercoat 



layer or under layer laminated on the substrate, 12 denotes an 
insulation layer laminated on the undercoat layer 11, 13 
denotes a lower shield layer formed on the insulation layer 12, 
14 denotes an upper shield layer also served as a lower pole 
layer, 15 denotes an MR layer formed between the lower and 
upper shield layers 13 and 14 through a shield gap layer 16, 
17 denotes lead conductors electrically connected to the MR 
layer 15, 18 denotes a magnetic gap layer or record gap layer, 
19 denotes an upper pole layer, 20 denotes an upper pole tip 
faced to a top end of the lower pole layer 14 through the 
magnetic gap layer 18, 21 denotes a coil conductor with a 
double layers structure, 22 denotes an insulation layer that 
surrounds the coil conductor 21, 23 denotes an overcoat layer 
or protection layer made of for example A1 2 0 3 , formed on the 
upper pole layer 19 and the insulation layer 22, and 24 
denotes a heat -block layer formed in the overcoat layer 23 in 
parallel with the a plane on which the coil conductor 21 is 
formed and made of a material such as a resist material, with 
a lower heat conductivity than that of this overcoat layer 23, 
respectively . 

The heat -block layer 24 is formed to cover a region 
with an area larger than that of a region on which the coil 
conductor 21 is formed and that of a region on which the upper 
pole layer 19 is formed. Thus, the heat -block layer 24 is 
formed to cover over the coil conductor 21, 



The overcoat layer 23 has a recess at its ABS corner. 
Thus, as shown in Fig. 1, an edge of its lower stage 
constitutes the trailing edge 23a of the magnetic head slider. 

The upper pole tip 20 is magnetically coupled with the 
upper pole layer 19 and this upper pole layer 19 is 
magnetically connected with the lower pole layer 14 at its 
rear so as to constitute a magnetic yoke of the inductive 
write head element. 

In the thin-film magnetic head with the inductive write 
head element. Joule heat is generated by write current flowing 
through the coil conductor, and the generated heat is 
transferred to the overcoat layer formed thereon. According 
to the prior art, as shown in Fig. 3, when heated, the 
overcoat layer easily expands due to a high heat conductivity 
of A1 2 0 3 , and thus a part of the ABS of the magnetic head 
slider protrudes from a normal position 30 to an expanded 
position 30'. Therefore, the trailing edge of the ABS moves 
from a position 31 to a position 31' by a protruded amount P 
to narrow the space between the trailing edge and a surface 32 
of the magnetic disk from Sn to S P causing head crash to 
easily occur. 

Contrary to this, according to this embodiment, the 
heat-block layer 24 made of a resist material and provided 
with the area larger than that of the coil conductor 21 and 
that of the upper pole layer 19 is formed or embedded in the 



overcoat layer 23 to cover over these coil conductor 21 and 
also upper pole layer 19. A heat conductivity of A1 2 0 3 
constituting the overcoat layer 23 is 1 W/mK, whereas a heat 
conductivity of the resist material constituting the heat- 
block layer 24 is 0.35 W/mK which is greatly lower than the 
A1 2 0 3 heat conductivity. Therefore, heat transmission is well 
blocked by this heat -block layer 24 and thus the thermal 
expansion of the overcoat layer 23 near the trailing edge is 
prevented to reduce the amount of protrusion of the trailing 
edge from the ABS. 

Fig. 4 illustrates the simulation result of a protruded 
amount from the ABS due to thermal expansion at each position 
of the ABS. In the figure, a line a represents the protruded 
amount of the conventional thin-film head with no heat-block 
layer, and a line b represents the protruded amount of the 
thin -film head with the heat -block layer according to this 
embodiment. The longitudinal axis of this figure indicates 
the protruded amount (nm) , and the lateral axis indicates a 
distance (|um) along the ABS from a reference position that is 
defined at the interface of the substrate 10 and the undercoat 
layer 11. The heat -block layer 24 used for simulating the 
protruded amount has a rectangular parallelepiped with a 
thickness or a height seen from the ABS of 1.0 ym, a depth 
seen from the ABS of 106 nm and a width seen from the ABS of 
113 \m. Also, the coil conductor 21 has a height of about 55 
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Mm and a width of about 70 urn, and located with a space of 6 
\xm from the ABS. 

As will be noted from comparison of the lines a and b, 
the thin -film magnetic head according to this embodiment can 
reduce the protruded amount near the trailing edge by about 
0.3 nm, and thus possibility of contact or crash of the 
trailing edge onto the magnetic disk surface can be remarkably 
decreased even for a low-flying height thin-film magnetic head. 

Fig. 5 illustrates the simulation result of a protruded 
amount from the ABS due to thermal expansion at each position 
of the ABS when a distance between a top end of the heat-block 
layer 24 and the ABS is changed. In the figure, a line A 
represents the protruded amount of the conventional thin- film 
head with no heat -block layer, and lines B to E represent the 
protruded amount of the thin-film head with the heat-block 
layer according to this embodiment. The distances between the 
top end of the heat -block layer and the ABS in the heads of 
lines B, C, D and E are 3 \xm, 5 [xm, 15 \*m and 25 \xm, 
respectively. The longitudinal axis of this figure indicates 
the protruded amount (nm) , and the lateral axis indicates a 
distance (\xm) along the ABS from a reference position that is 
defined at the interface of the substrate 10 and the undercoat 
layer 11. 

As will be noted from the figure, if the distance 
between the top end of the heat -block layer 24 and the ABS is 
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less than 15 \xm, the protruded amount near the trailing edge 
becomes lower than that in the conventional thin-film magnetic 
head, and thus possibility of contact or crash of the trailing 
edge onto the magnetic disk surface can be decreased even for 
a low-flying height thin-film magnetic head. If the distance 
between the top end of the heat -block layer 24 and the ABS is 
less than 5 |jm, more desired result is obtained. 

Fig. 6 illustrates the simulation result of a protruded 
amount from the ABS due to thermal expansion at each position 
of the ABS when a distance between the heat -block layer 24 and 
the upper pole layer 19 is changed. In the figure, a line (a) 
represents the protruded amount of the conventional thin-film 
head with no heat -block layer, and lines (b) to (e) represent 
the protruded amount of the thin- film head with the heat -block 
layer according to this embodiment. The distances between the 
heat-block layer 24 and the upper pole layer 19 in the heads 
of lines (b) , (c) , (d) and (e) are 2 \xm, 2.5 \xm, 5.5 urn and 
7.5 \xm, respectively. The longitudinal axis of this figure 
indicates the protruded amount (ran), and the lateral axis 
indicates a distance (urn) along the ABS from a reference 
position that is defined at the interface of the substrate 10 
and the undercoat layer 11. 

As will be noted from the figure, if the distance 
between the top end of the heat -block layer 24 and the upper 
pole layer 19 is less than 7.5 \xm, the protruded amount near 
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the trailing edge becomes lower than that in the conventional 
thin-film magnetic head, and thus possibility of contact or 
crash of the trailing edge onto the magnetic disk surface can 
be decreased even for a low-flying height thin-film magnetic 
head. If the distance between the top end of the heat -block 
layer 24 and the upper pole layer 19 is 2.5-5.5 urn, more 
desired result is obtained. 

Fig. 7 schematically illustrates configuration of a 
thin -film magnetic head as another embodiment according to the 
present invention. The thin-film magnetic head in this 
embodiment is a composite type thin- film magnetic head with an 
inductive write head element and an MR read head element 
laminated with each other. However, the thin-film magnetic 
head in this embodiment may contain only an inductive write 
head element. 

In the figure, reference numeral 70 denotes a substrate 
made of Al-TiC (Al 2 0 3 -TiC) , 71 denotes an undercoat layer or 
under layer laminated on the substrate, 72 denotes an 
insulation layer laminated on the undercoat layer 71, 73 
denotes a lower shield layer formed on the insulation layer 72, 
74 denotes an upper shield layer also served as a lower pole 
layer, 75 denotes an MR layer formed between the lower and 
upper shield layers 73 and 74 through a shield gap layer 76, 
77 denotes lead conductors electrically connected to the MR 
layer 75, 78 denotes a magnetic gap layer or record gap layer. 
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79 denotes an upper pole layer, 80 denotes an upper pole tip 
faced to a top end of the lower pole layer 74 through the 
magnetic gap layer 78, 81 denotes a coil conductor with a 
double layers structure, 82 denotes an insulation layer that 
surrounds the coil conductor 81, 83 denotes an overcoat layer 
or protection layer made of for example A1 2 0 3 , formed on the 
upper pole layer 79 and the insulation layer 82, and 84 
denotes a heat -block layer formed in the overcoat layer 83 in 
parallel with the a plane on which the coil conductor 81 is 
formed and made of a material such as a resist material, with 
a lower heat conductivity than that of this overcoat layer 83, 
respectively . 

The heat -block layer 84 is formed to cover a region 
with an area larger than that of a region on which the coil 
conductor 81 is formed and that of a region on which the upper 
pole layer 79 is formed. Thus, the heat-block layer 84 is 
formed to cover over the coil conductor 81. 

An area of the heat -block layer 84 is larger than that 
of the coil conductor 81 and also that of the upper pole layer 
79. 

The overcoat layer 83 has a recess at its ABS corner. 
Thus, as shown in Fig. 7, an edge of its lower stage 
constitutes the trailing edge 83a of the magnetic head slider. 

The upper pole tip 80 is magnetically coupled with the 
upper pole layer 79 and this upper pole layer 79 is 
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magnetically connected with the lower pole layer 74 at its 
rear so as to constitute a magnetic yoke of the inductive 
write head element. 

According to this embodiment, in particular, a heater 
coil conductor 85 is formed or embedded in the undercoat layer 
71 formed below the heat-block layer 83. This heater coil 
conductor 85 serves to heat the write head element and/or the 
read head element when write and/or read operations so that a 
part of the write head element and/ or the read head element 
intentionally protrudes from the ABS in order to reduce the 
flying height. 

Not only heat from this heat coil conductor 85 but also 
Joule heat generated by write current flowing through the coil 
conductor 81 may be transferred to the overcoat layer 83 
formed thereon. However, according to this embodiment, the 
heat -block layer 84 made of a resist material and provided 
with a larger area than that of the coil conductor 81 and the 
upper pole layer 79 is formed or embedded in the overcoat 
layer 83 to cover over these coil conductor 81 and upper pole 
layer 79. A heat conductivity of A1 2 0 3 constituting the 
overcoat layer 83 is 1 W/mK, whereas a heat conductivity of 
the resist material constituting the heat -block layer 84 is 
0.35 W/mK which is greatly lower than the A1 2 0 3 heat 
conductivity. Therefore, heat transmission is well blocked by 
this heat-block layer 84 and thus the thermal expansion of the 
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overcoat layer 83 near the trailing edge is prevented to 
reduce the amount of protrusion of the trailing edge from the 
ABS. 

Fig. 8 illustrates the simulation result of a protruded 
amount from the ABS due to thermal expansion at each position 
of the ABS. In the figure, a line (A) represents the 
protruded amount of the conventional thin- film head with no 
heat -block layer, and a line (B) represents the protruded 
amount of the thin-film head with the heat -block layer 
according to this embodiment. The longitudinal axis of this 
figure indicates the protruded amount (ran), and the lateral 
axis indicates a distance (nm) along the ABS from a reference 
position that is defined at the interface of the substrate 70 
and the undercoat layer 71. The heat -block layer 84 used for 
simulating the protruded amount has a rectangular 
parallelepiped with a thickness or a height seen from the ABS 
of 1.0 jam, a depth seen from the ABS of 106 pm and a width 
seen from the ABS of 113 \na. Also, the coil conductor 81 has 
a height of about 55 \xm and a width of about 70 |im, and 
located with a space of 6 jim from the ABS. 

As will be noted from comparison of the lines (A) and 
(B), the thin-film magnetic head according to this embodiment 
can reduce the protruded amount near the trailing edge by 
about 2.0 nm, and thus possibility of contact or crash of the 
trailing edge onto the magnetic disk surface can be remarkably 
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decreased even for a low-flying height thin-film magnetic head 
with the heater coil. 

Many widely different embodiments of the present 
invention may be constructed without departing from the spirit 
and scope of the present invention. It should be understood 
that the present invention is not limited to the specific 
embodiments described in the specification, except as defined 
in the appended claims. 
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